The mother is an important mediator to the infant of polyunsaturated fatty acids (PUFA), the essential constituents of membranes particularly in the brain and retina. We here aimed in a prospective study initiated in early pregnancy to establish whether serum fatty acid (FA) compositions and concentrations in the mother can be modified by dietary means emphasizing counseling on a recommended diet. SUBJECTS/METHODS: Ninety women in the first trimester of pregnancy were randomized into intervention (n ¼ 45) or control (n ¼ 45) groups. The intervention comprised individual dietary counseling advocating choice of foods that will increase the intake of unsaturated and reduce that of saturated FA. To support this, appropriate products, including spreads, were provided for consumption at home. Dietary intakes were measured from food records and serum phospholipids, cholesteryl esters and triacylglycerols FA were analyzed by gas chromatography. RESULTS: Dietary counseling resulted in lower intake of saturated and higher intake of unsaturated FA compared with the controls. These changes were reflected in higher proportions of serum phospholipid PUFA (mean difference between groups 0.61% (95% confidence interval, CI 0.05-1.17), P ¼ 0.03), docosahexaenoic acid (0.5% (0.15-0.85), P ¼ 0.01), sum of n-3 FA (0.61% (0.07-1.15), P ¼ 0.03) and lower ratio of n-6/n-3 FA ( À 0.42% ( À 0.81-0.03), P ¼ 0.03) in the intervention group at the third trimester of pregnancy but not at 1 month postpartum. Similar changes were seen in the FA of cholesteryl esters and triacylglycerols. CONCLUSION: Maternal serum n-3 FA status during pregnancy can be improved by dietary means emphasizing the importance of dietary advice.
INTRODUCTION
The common nutritional challenges in Western adult populations, including excessive intake of saturated fatty acids (SFA) and inadequate intake of unsaturated FA compared with those recommended, are also reported during pregnancy. 1 This unbalanced intake of fat, along with the typically excessive energy intake during pregnancy, may predispose women to metabolic diseases such as gestational diabetes and hypertension and an increased risk of long-term disorders including type II diabetes and overweight. 2, 3 Maternal nutrition may also permanently alter the physiology and metabolism of the fetus, increasing the child's later risk of chronic diseases, the phenomenon known as the programming effect. [4] [5] [6] [7] Pregnancy and lactation involve an increased metabolic requirement for essential FA and their derivatives, particularly those of n-3 long chain polyunsaturated fatty acids (LC-PUFA). 1, 8 LC-PUFA are needed in cell membrane synthesis in the brain and retina and affect the development of cognition and vision in the fetus. 9 Of dietary components especially the LC-PUFA arachidonic acid (20:4n-6) , eicosapentaenoic acid (EPA 20:5n-3) and docosahexaenoic acid (DHA 22:6n-3) are of interest in being associated with numerous potential health benefits, including a reduced risk of cardiovascular disease, even at reproductive age. 10, 11 In addition, lower incidences of pre-eclampsia, postnatal depression and beneficial pregnancy outcomes such as the maintenance of normal pregnancy duration in low-risk pregnancies and a reduced risk of preterm delivery in high-risk pregnancies have been associated with LC-PUFA. [11] [12] [13] Further benefit to the fetus may be achieved via immunomodulatory properties, as n-3 LC-PUFA also serve as precursors for antiinflammatory eicosanoids and act as immunoregulators, possibly reducing later allergic response in the infant. 14 In view of the growing problem of unbalanced dietary intakes and the likely benefits of n-3 PUFA, we here investigated an approach involving modifying the dietary FA composition feasible in health-care settings, such as welfare clinics. The approach is based on habitual dietary intake, that is, choosing suitable commercially available foods for the diet. This was achieved by providing participants with conventional food products containing precursors of n-3 LC-PUFA for use at home. There is indeed evidence demonstrating that the capacity for the conversion of alpha-linolenic acid (ALA 18:3n-3) to its longer chain derivatives EPA and DHA is on-going and increased when the metabolic demands are high as in women of child-bearing age. 15, 16 This formed the basis for our intervention, where we aimed to modify the diet of pregnant and lactating women from families with a history of allergy, typically presenting low proportions of serum n-3 PUFA, by intensive dietary counseling aiming ultimately at health benefits in both mothers and their children. The women were encouraged to construct their diet according to the current recommendations 8 with specific attention to FA composition, increasing unsaturated FA and reducing saturated FA in the diet. We have previously shown that dietary counseling during pregnancy improves dietary quality 17 and we here measured serum FA, focusing on n-3 PUFA.
MATERIALS AND METHODS

Study population and design
The mother-infant diet and probiotics intervention study with a total cohort of 256 women and their infants from allergic families participating is described in detail elsewhere. 18 For the present study aiming to ascertain the impact of dietary counseling on serum FA, a subsample of 90 women, 45 from the dietary intervention group comprising dietary counseling and 45 from the control group, all without probiotic intervention, were chosen in consecutive order of recruitment by a predefined number of sequences to keep the original randomization order (Supplementary Figure 1) . The subsample is representative of the whole study cohort as evaluated by baseline characteristics (data not shown). Written informed consent was obtained from the participants and the study was approved by the Ethics Committee of the Hospital District of Southwest Finland. The study complies with the Declaration of Helsinki as revised in 2000. All pregnant women participating in the study also attended municipal welfare clinics for health checkups and counseling.
The study visits took place three times during pregnancy and at 1 month after delivery. At the first study visit information on age, parity and education were obtained by interview. Prepregnancy weight was acquired from well-women clinic records and used to calculate the body mass index as weight (kg) divided by the square of height (m). Height at the first visit and weight at each study visit were measured by the same research nurse.
Dietary counseling and food records
All women received dietary guidance provided by well-women clinics. Above this, women in the dietary intervention group received at each visit individual dietary counseling given by a nutritionist. The aim was to modify dietary intake to that recommended for pregnant women 8 with primary focus in the quality of fat consumed. To support achievement of the recommendations, the women received food products with favorable fat composition (for example, low erucic acid rapeseed oil-based spreads and salad dressing) and fiber content (for example, fiber-enriched pasta, breakfast muesli and porridge cereals). The consumption of specified amounts of the food products was advised, but adjustment for current dietary habits was allowed. The recommended amounts of foods were planned to provide 19 g of monounsaturated fatty acid (MUFA) and 19 g of PUFA. This, combined with the advised consumption of other foods, would result in MUFA contributing 10-15% of energy intake (E%), PUFA 5-10 E% and SFA 10 E% or less. Total intake of fat would result in 30 E%. Intake of fish was recommended at least twice per week as one of the main meals. Dietary intakes of all women were recorded in 3-day food diaries, including one weekend day, using household measures, before the study visits. The subjects received personal and written instructions on recording their intakes. The food diaries were checked for completeness and accuracy by a nutritionist with the help of a portion picture booklet. Daily food and nutrient intakes were calculated using the Micro-Nutrica computerized program version 2.5 (Research Centre of the Social Insurance Institution, Turku, Finland).
Blood sampling and FA
The blood samples were taken after overnight fasting (minimum 10 h) in the mornings of the study visits during the first and third trimester of pregnancy and 1 month after delivery. Samples (5 ml) were collected into plain serum tubes and centrifuged after 30-120 min of cooling at 2500 g for 10 min at room temperature. The serum samples were first stored at À 20 1C for a maximum of 1 week, then at À 70 1C until analyzed. Total lipids in the samples were extracted with HPLC grade chloroform:methanol (2:1, v/v). 19 Cholesteryl esters, triacylglycerols and phospholipids were separated by solid phase extraction with silica Sep-Pak Vac 1cc columns (Waters Corporation, Milford, MA, USA). 20 FA methyl esters in the solid phase extraction-separated serum phospholipids were prepared with boron trifluoride (BF 3 ) in methanol procedure. 21 FA methyl esters were analyzed with an Agilent HP 6890-series gas chromatograph (Hewlett-Packard Co., Wilmington, DE, USA) equipped with an autosampler, a split/splitless injector, a DB-23 capillary column coated with (50%-Cyanopropyl)-methylpolysiloxane phase (60 m Â 0.25 mm intradermally with a 0.25-mm film, Agilent J&W Scientific, Santa Clara, CA, USA), a flame ionization detector and ChemStation software for data processing. The oven temperature program was the following: from 50 1C (hold 1 min) to 130 1C with 20 1C/ min, to 170 1C (hold 5 min) with 6.5 1C/min, to 215 1C (hold 5 min) with 4 1C/min, to 230 1C with 30 1C/min (hold 40 min). An aliquot of each sample (1 ml) was injected in splitless mode, keeping the split valve closed for 1 min after injection. The temperature of the injector was 270 1C and that of the detector was 280 1C. Helium (purity 99.996) was used as carrier gas in constant pressure (270 kPa) mode.
FA methyl esters were identified based on FA methyl ester reference mixtures and literature data. The quantification of FA in serum lipid fractions was based on internal standards, in triacylglycerols triheneicosanoin (Larodan AB, Malmö , Sweden), in cholesteryl esters heptadecanoylcholesterol (Sigma-Aldrich, St Louis, MO, USA) and in phospholipids dinonadecanoylphosphatidylcholine (Sigma-Aldrich). The adequate efficiency of FA methyl ester separation in the gas chromatography system was confirmed by analyzing FA methyl ester mixture 68B from Nu-CheckPrep (Elysian, MN, USA) several times during the study period.
Statistics
The variable distributions were checked using tests for normality (ShapiroWilk) and graphical plots. The variables describing dietary intake were skewed to the right. However, departures from a normal distribution were only moderate and for consistency all variables, including dietary intake, were treated using robust parametric analysis. The need to include the baseline as a covariate was another reason for parametric analysis.
Proportions and concentrations of serum FA at the third trimester of pregnancy and 1 month postpartum were analyzed separately by analysis of covariance. In analysis of covariance, the dietary intervention group was compared with the controls and in comparisons the baseline proportion or concentration at baseline (first trimester) was included as a covariate. Intakes of energy and energy-yielding nutrients were also analyzed using the method described above. Intakes of foods in the third trimester of pregnancy and 1 month postpartum were analyzed using the repeated measures of analysis of covariance, where the intake at baseline was included as a covariate. Differences between groups are given as baselineadjusted differences between groups with 95% confidence intervals (CIs).
Baseline comparisons of continuous variables such as age, prepregnancy weight and body mass index were made using an independent-samples t-test. The w 2 test was used for categorical baseline characteristics. P-values less than 0.05 were considered statistically significant. SPSS version 18.0 was used for statistical analyses (SPSS Inc, Chicago, IL, USA).
RESULTS
Clinical characteristics
Women in the dietary intervention and control group were comparable with respect to baseline characteristics ( Table 1) . As evaluated by mean prepregnancy body mass index majority Abbreviation: BMI, body mass index.
Dietary modification of serum n-3 FA in pregnancy U Hautero et al (70%) of the women were of normal weight (BMIo25 kg/m 2 ). Most of the women had college or university education and were primiparous. Baseline characteristics of the subsample were comparable to the entire study population (Supplementary Table 1 ).
Intakes of nutrients and foods Women receiving dietary counseling differed in dietary intake from the controls. This was attributable to the lower intake of SFA and higher intake of PUFA as a proportion of energy intake (E%) both during and after pregnancy ( Table 2 ). In addition, MUFA intake (E%) was higher in the dietary intervention group during pregnancy. Considering the foods provided for consumption at home as sources of unsaturated FA, the women in the intervention group consumed daily 5.2 g (95% CI 2.0-8.4, P ¼ 0.002) more vegetable oils compared with the controls during the follow-up time between the third trimester of pregnancy and 1 month postpartum. There was also a tendency to higher consumption of soft margarine, 4.1 g ( À 0.1-8.3, P ¼ 0.05) in the intervention group compared with the controls.
The impact of dietary counseling on proportions and concentrations of serum FA The effects of dietary intervention were seen at the third trimester of pregnancy as higher proportions of sum n-3, PUFA and DHA and lower proportions of MUFA and ratio of n-6 to n-3 PUFA in Dietary modification of serum n-3 FA in pregnancy U Hautero et al phospholipids compared with those among controls (Table 3) . When evaluating the concentrations of FA, the difference between intervention and control groups was 1.65 mg/l (95% CI 0.09-3.21, P ¼ 0.04) for sum n-3, 3.55 mg/l ( À 1.45-8.54, P ¼ 0.16) for PUFA, 1.30 mg/l (0.31-2.28, P ¼ 0.01) for DHA and À 0.52 mg/l ( À 2.93-1.88, P ¼ 0.67) for MUFA. Similar changes attributable to the intervention were seen in serum cholesteryl esters FA in the third trimester: proportions of EPA (P ¼ 0.04) and sum n-3 (P ¼ 0.04) were significantly higher and the proportion of MUFA (P ¼ 0.07) tended to be lower in the dietary intervention group (Supplementary Table 2 ). In serum triacylglycerols the proportions of PUFA (Po0.001), ALA (P ¼ 0.01), linolenic acid (P ¼ 0.001), dihomo-gamma-linolenic acid (P ¼ 0.04), arachidonic acid (P ¼ 0.04), sum n-3 (P ¼ 0.02) and sum n-6 (P ¼ 0.001) FA were higher and proportions of SFA (P ¼ 0.01) were lower in the dietary counseling compared with the control group (Supplementary Table 3 ). At 1 month postpartum no differences were detected between the two groups in either proportion (Table 3) or concentration of serum phospholipids FA (data not shown). On the other hand in serum cholesteryl esters, the proportion of ALA was higher in the intervention group compared with the controls (Supplementary Table 2 ).
DISCUSSION
We showed here that maternal serum n-3 FA status during pregnancy may be modified by dietary counseling. Such an intervention combining dietary counseling with advice on commercially available food products, vegetable oils providing n-3 FA, is clinically feasible for example in mother-child welfare clinics. Lower dietary intakes of SFA and higher intakes of PUFA were measured in the intervention group compared with the controls, and this was reflected in increased proportions of serum phospholipids PUFA and DHA and sum n-3 FA at the third trimester of pregnancy. Such changes may be of benefit to both mother and child due to the previously demonstrated benefits of n-3 PUFA. 9 ,10,12,13 Table 3 . Proportion of serum phospholipids FA in dietary intervention and control groups at the third trimester of pregnancy and 1 month postpartum. At the third trimester n ¼ 44 (both groups), at 1 month postpartum, n ¼ 34 (intervention group) and n ¼ 40 (control group). Analyzed by ANCOVA, where the intake at the first trimester was included as a covariate Dietary modification of serum n-3 FA in pregnancy U Hautero et al
The dietary intake of PUFA, about 5% of energy, in our control subjects was similar to that previously reported among pregnant women in Western countries. 22, 23 The intervention resulted in an increase in PUFA intake, enabling better achievement of the recommended dietary intake level. 1, 8 Considering this relatively low intake of dietary PUFA during pregnancy, a typical approach to increase the intake, with a consequent increase in the proportions of PUFA in serum, has been the supplementation of n-3 LC-PUFA, particularly fish oil. 24, 25 Studies supplementing LC-PUFA by about 2 g during pregnancy and lactation have indeed demonstrated an increase in the proportions of DHA and EPA in serum phospholipids greater than in our study. 25 Despite the more modest increase in serum n-3 PUFA, we consider our approach of using the food sources of precursor FA highly feasible at public health level with no logistic, financial due to purchase of LC-PUFA products or safety considerations. Further, our results suggest in a clinical study setting that by increasing the use of food products with LC-PUFA precursor FA (ALA deriving from rapeseed oil-based foods) the conversion to LC-PUFA occurs during pregnancy and lactation. 26 However, it may be that the women of the present study are manifested with a particularly good response to dietary intervention as they were from families with a history of allergic disease who typically present with lowered n-3 PUFA levels. 27 Here the proportion of allergic women was the same in both study groups, thus it is unlikely that allergy status has influenced the difference in proportions of the FA between the study groups. Nevertheless, it is possible that subjects with initial lower levels of n-3 PUFA might benefit more of dietary intervention. Yet it remains to be demonstrated in the future intervention studies at high-risk populations like those with limited dietary intake. Further, the increase in the dietary intake of precursors and subsequent conversion to LC-PUFA may depend on the genetic variation due to polymorphism in the desaturase encoding fatty acid desaturase genes. 28 One asset in this study lay in the analysis of both proportional and quantitative serum FA in three lipid fractions, as methodological choices can have a significant influence on outcomes of FA analyses. 29 The fraction generally used to describe the serum FA composition is the phospholipid fraction, which reflects dietary intake over weeks or months whilst cholesteryl esters and triacylglycerols days. 30 Similarly to previous studies, we demonstrated as a result of increased dietary intakes of unsaturated FA, their respective increase in phospholipids FA. Here the main effects of dietary counseling were seen in serum phospholipid sum n-3 FA and in the long-chain derivative DHA. Additional evidence for the dietary changes manifested in biochemical markers was gained from cholesteryl esters, where the results supported the findings of increased sum n-3 and provided further information on increased EPA in the intervention group. In contrast, the changes in triacylglycerols FA reflecting the short-term dietary intake were seen in an increase in sum n-3 FA and sum n-6 FA as well as in ALA and linolenic acid. Hence, the short-term effects of the dietary intervention involving the use of the rapeseed oil-based food products provided were reflected in the precursors of LC-PUFA in triacylglycerols and longer-term effects in the LC derivatives in phospholipids and cholesteryl esters. Parallel results in the three FA fractions imply good compliance in our follow-up study over a short and longer period of time. Further evidence of the positive effects of the dietary intervention could have been detected by analyzing the erythrocyte FA composition in these women in that these may be even less affected by recent dietary intake due to the slower turnover rate. 31 However, a recent study suggests that both erythrocyte and phospholipid FA status are suitable in evaluating the effect of habitual dietary intake on the FA status of pregnant women. 32 Even although dietary intervention modifies dietary intake, some of the alterations in serum FA status over pregnancy are considered to be physiological and reversible in the course of lactation. 33 Recovery to prepregnancy status may take time and it may thus be beneficial to promote recovery by dietary counseling. In this study, we found no differences in serum phospholipids FA 1 month postpartum, although the dietary changes adopted remained after delivery. This may result from the considerable changes in women's metabolism from late pregnancy to postpartum, as concentrations of serum n-3 FA decrease rapidly to prepregnancy level. 34, 35 Thus, the metabolic need for n-3 FA is increased and dietary counseling may assist the recovery. Alternatively, the impact of dietary counseling on serum FA in lactating women may have been detected with further follow-up. Nevertheless, dietary counseling has been shown to modify the LC-PUFA status of breast milk and thus provide essential FA to the infant during lactation. [36] [37] [38] In conclusion, these results highlight the importance of dietary counseling for pregnant women, here supported by the provision of commercially available food products with favorable FA composition, as a means to possibly modify serum FA composition. The effects of altered dietary fat intake were seen in desirable changes particularly in serum n-3 FA of phospholipids at the third trimester of pregnancy. These changes may result in positive pregnancy outcomes and in infant health in view of the in utero programming effect of infant health. 5 A challenge remains for further studies to demonstrate how the FA status of mothers recently delivered may be modified, as the counseling approach utilized here was not productive in increasing serum n-3 PUFA postpartum.
